Dietary plant and animal peptides have been shown to reduce serum lipids. However, the potential of foodderived peptides has yet to be fully elucidated. We investigated the physiological importance of potato peptides in rats fed on a cholesterol-free diet containing 20% potato peptides (PP), when compared with two diets containing either 20% casein (CN) or 20% soy peptides (SP). The high-density lipoprotein (HDL)-cholesterol (+13.8%) and serum triglyceride (À38%) concentrations in the PP-fed group, non-HDL-cholesterol level in the PP-(À22:5%) and SP-(À15:7%) fed groups, and serum total cholesterol concentration (À12%) in the SP-fed group, were significantly different from the control group at the end of the experiment. The fecal excretion of neutral and acidic sterols was higher in the PP-and SP-fed groups, respectively, relative to the control group. These results indicate that the observed changes in the serum cholesterol levels in rats fed on soy and potato peptide appear to have been due to different mechanisms.
Numerous bioactive peptides with different physiological functions have been identified. Furthermore, from recent findings in animals and humans, it has been suggested that, in gastrointestinal digestion, peptides may mediate many of the actions of parent proteins by acting as regulatory compounds with hormone-like activities. 1) Soybean protein and soybean-derived peptides in the diet have been shown to reduce cholesterolemia in experimental animals and humans. [2] [3] [4] [5] The cholesterol-lowering effect, potentially leading to reduced cardiovascular risk, has become one of the major health concerns among consumers in the industrialized world.
Some findings from potato, soybean and rice proteins have shown hypolipidemic activities in rats due to their low methionine content. 6) Moreover, soybean peptides and buckwheat protein have been shown to exhibit the same effect by enhancing the fecal excretion of steroids. 7, 8) Clinical studies have shown variability in the cholesterolemic responses to different soy-based diets related to the specific protein composition of the soy variant used. 9) Although soy-based products have shown some favorable health effects, 2, 4, 10, 11) consumption is still low in the western world. 12) Potato protein could be a good alternative to soy protein-based products as it is consumed as a staple food in some western diets and people through out the world eat it, at least as a side dish. Potatoes are generally considered to be a carbohydrate-rich crop rather than a proteincontaining plant.
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Materials and Methods
Animals and diets. Male Fischer 344 rats (8 weeks old) were purchased from Charles River Japan (Yokohama, Japan). They were individually housed in cages. The animal facility was maintained on a 12 h light-dark cycle at a temperature of 23 AE 1 C and relative humidity of 60 AE 5%. The rats were randomly assigned to three groups (n ¼ 5). There were no significant differences in the body weight and serum total cholesterol concentration among the groups at the beginning of the experiment. The composition of each diet is shown in Table 1 . The experimental rats were fed for 4 weeks with a 20% casein diet (CN; 3718 kcal/kg of diet) for comparison with two diets containing either 20% potato peptides (PP; 3657 kcal/kg of diet) or 20% soy peptides (SP; 3652 kcal/kg of diet). The soy peptides, Hinute-D1, were provided by Fuji Oil Co., Ltd. (Osaka, Japan).
16) The rats were allowed free access to food and water for the 4-week experimental period. Body weight and food consumption were recorded weekly and daily, respectively, and blood samples were taken every week. The blood samples (1 ml) were collected between 08.00 and 10.00 h from the jugular vein of fasting rats that had been anesthetized by sodium pentobarbital. The samples were taken into tubes without any anticoagulant. After the samples had been allowed to stand at room temperature for 2 h, the serum was separated by centrifugation at 1500 g for 20 min. At the end of the 4-week experimental period, all feces excreted during last 3 d were collected. The fecal dry weight did not differ among the groups. The rats were killed by diethyl ether inhalation, and the liver and cecum were quickly removed, washed with cold saline (9 g NaCl/l), blotted dry on filter paper, and weighed before freezing for storage.
This experimental design was approved by the Animal Experiment Committee of Obihiro University of Agriculture and Veterinary Medicine. All animal procedures conformed to the standard principles described in Guide for the Care and Use of Laboratory Animals.
17)
Preparation of the potato and soy peptides. The potato peptides were prepared by an enzymatic hydrolysis method. Potato protein powder (450 kg; Cosmo Foods Co., Ltd., Tokyo, Japan) was mixed with 500 liters of 0.01 M NaOH. The mixture was then stirred for 10 min at 50 C and allowed to stand at room temperature for 10 min, after which the supernatant was removed. Then, 3000 liters of water was added to the precipitate, the solution was heat sterilized at 90-95 C for 15 min, and 2000 liters of water was added to the mixture. The pH value was adjusted to 10 by NaOH, and the mixture was hydrolyzed by using an alkaline protease protease enzyme (Nagase Chemtex Corporation, Osaka, Japan) for 16 h. The mixture was then heated at 90-95 C for 15 min to denaturate the enzymes and allowed to cool to terminate the enzyme reaction. The mixture was next filtered through Diatomite (Mitsui Kinzoku Kougyou Inc., Tokyo, Japan) and the pH was adjusted to 5 with 3 liters of acetic acid, before being evaporated by a rotary evaporator (Tokyo Rikagaku Co., Ltd., Tokyo, Japan). Following this, the mixture was UHT sterilized and spray dried, 113 kg of potato peptides being obtained. The average molecular weight of the mixture was in the range of 700-1840 Da, and the main molecular weight was 90% at 850 Da. The molecular weight was determined by dissolving 10 mg of potato peptides in 1 ml of Milli-Q. A 0.5-ml amount of an -cyano-4-hydroxycinnamic acid solution was then added to a similar amount of the peptide solution, after which the solution was air dried and analyzed by the matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) mass spectrophotometric method (Voyager-DE STR; Applied Biosystems, USA). It is possible that the potato peptide preparation procedure would be appropriate for large-scale commercial production due to the low cost involved, and details of the peptide preparation procedure are currently under patent review (Ohnishi, M., Ohba, K., Kobayashi, Y., Fukushima, M., Shimada, K., and Sasaki, K., unpublished results).
Commercial soy peptides, Hinute-D1, were prepared from the soybean protein (soy protein isolate) curd from whole soybean that underwent mashing, water extrac- tion, and iso-electric-point precipitation as preliminary processes. The soy protein curd was hydrolyzed by microbial proteases to produce peptides at the optimal temperature for several hours, and then the mixture was sterilized and finally dried. 16) The respective compositions of the SP and PP powders were as follows (as %): moisture, 6.0 and 2.9; protein, 80.6 and 78.7; lipid, 3.2 and 0.6; carbohydrate, 4.7 and 12.5; and ash, 5.5 and 5.3. The total moisture, protein, lipid and carbohydrate contents were determined by the procedure of the Association of Official Analytical Chemists.
18) The amino acid compositions of CN, SP and PP are shown in Table 2 . A 4-mg amount each of the CN, SP and PP samples was hydrolyzed in 2 ml of 6 M-HCl at 110 C for 24 h, vacuum dried, reconstituted with 1 ml of 0.2 M-HCl, filtered (W-13-5; 0.45-mm pore size, Tosoh, Tokyo, Japan) and finally analyzed with an 8700 amino acid analyzer (Hitachi Ltd., Tokyo, Japan).
Chemical analysis. The total cholesterol (TC), HDLcholesterol (HDL-C), and triglyceride (TG) concentrations in the serum were determined enzymically by using commercially available reagent kits (assay kits for the TDX system; Abbott Laboratories Co., Irving, TX, USA). The non-HDL-C concentration was calculated as [non-
Total lipids were extracted from the liver and feces by a mixture of chloroform-methanol (2:1, v/v). 19) The neutral steroids in each lipid sample obtained by saponification were acetylated 20) and analyzed by GLC with a Shimadzu 14A chromatograph (Kyoto, Japan) fitted with a DB17 capillary column (0:25 mm Â 30 m; J & W Scientific Inc., Folsom, CA, USA) using N 2 as the carrier gas. Acidic sterols in the feces were measured by GLC according to method of Grundy et al. 21) The fecal N content was determined by Kjeldahl's method.
The apparent digestibility of protein was calculated as the apparent protein digestibility = (protein intake-fecal protein)/protein intake Â 100. The apparent digestibility of SP and PP was 93.5% and 93.9%, respectively, these figures being lower than the 96% for CN.
Ribonucleic acid (RNA) isolation, reverse transcription-polymerase chain reaction (RT-PCR) and southern blot analysis. Total RNA was isolated from the liver by the acid guanidinium-phenol-choloroform method using Isogen 22) (Nippon Gene, Tokyo, Japan). mRNA encoding cholesterol 7-hydroxylase (CYP7A1), the LDL receptor (LDL-R), fatty acid synthase (FAS), hydroxyl methyl glutaryl (HMG)-CoA reductase, apolipoprotein B (Apo B), scavenger receptor class B type 1 (SR-B1), and glyceraldehyde-3-phosphate dehydrogenase (GAPDH; used as an invariable control) were analyzed by semiquantitative RT-PCR and subsequent southern hybridization of the PCR products with each inner oligonucleotide probe. 23, 24) Total RNA samples were treated with DNase RQ1 (Promega, Madison, WI, USA) to remove genomic DNA and subjected to RT-PCR by using Moloney murine leukemia virus RT (Gibco-BRL, Gaithersburg, MD, USA) and EX-Taq polymerase (Takara, Tokyo, Japan) with primers of oligonucleotides. 23, 24) The reaction mixture for PCR contained 25 pmol of the primer, 1.25 U of EX-Taq polymerase, 1 X PCR buffer (Takara, Tokyo, Japan), and 200 mM dNTP in a 50-ml reaction volume. The initial temperature cycle was denaturation at 94 C for 3 min, annealing at 60 C for 1 min, and extension at 72 C for 2 min. Subsequent cycles were denaturation at 94 C for 1 min, annealing at 60 C for 1 min, and extension at 72 C for 2 min. The thermal cycle was completed by terminal extension at 72 C for 10 min. In total, 25 cycles were performed for CYP7A1, apo B, 30 cycles for HMG-CoA reductase, LDL-R, and 20 cycles for FAS, SR-B1 and GAPDH. The amplification products were electrophoresed on 2% agarose gel and transferred to a nylon membrane (Biodyne B; Pall Bio-Support, East Hills, NY, USA). The blots were hybridized with each inner 54-base oligonucleotide probe. The probe was 3 0 -tailing labeled with digoxigenin, using a DIG oligonucleotide tailing kit (Boehringer Mannheim, Mannheim, Germany). Prehybridization, hybridization, and detection were carried out with a DIG luminescent detection kit (Boehringer Mannheim) as recommended by the manufacturer. The relative quantity of mRNA was estimated by densitometric scanning with X-ray film.
Statistical analysis. Data are presented as the mean and standard deviation for serum TC, HDL-C, non-HDL-C and TG at the prescribed times. The significance of differences among treated groups was determined by ANOVA and Duncan's multiple-range test (SAS Institute, Cary, NC, USA). Differences were considered significant at P < 0:05. 
Results
Food intake, rat growth, liver weight and cecal weight Table 3 shows the body weight, food intake, liver weight and cecal weight of the rats fed with PP and SP. The mean final body weight of the PP-fed group was lower than that of the SP-fed group, but not significantly different from the CN-fed group. The body weight gain and food intake were lower in the PP-fed group than in the SP-and CN-fed groups. No difference was apparent in the liver and cecal content weights among the groups. Table 4 shows the serum TC, HDL-C, non-HDL-C and TG concentrations in the rats fed with PP and SP.
Serum lipid levels
The serum TC concentration in the PP-fed group was no different, whereas that in the SP-fed group was lower (12%) than in the CN-fed group at the end of the 4-week feeding period. The non-HDL-C concentration in both the PP-and SP-fed groups was lower than that in the CN-fed group throughout the experimental period. The HDL-C concentration was higher in the PP-fed group than in the other two groups at the end of the 4-week feeding period. The serum HDL-C concentration was higher in the PP-fed group than in the CN-fed group at 0 weeks. However, the HDL-C concentration in the PP-fed group was higher at 4 weeks than that in the same group at 0 weeks. The serum TG concentration in the PP-fed group was lower than that in the CN-fed group at 4 weeks, whereas that in the SP-fed group was no different from the other groups. Moreover, although the serum TG level in the CN-fed group was higher at 4 week than that at 0 week, there was no difference in the serum TG level between after 0 week, 2 week and 4 week in the PP-and SP-fed groups.
Neutral sterols and bile acids in the liver and feces Table 5 shows the liver cholesterol, fecal total lipid, neutral sterol and acidic sterol concentrations in the rats fed with PP and SP. The liver cholesterol concentration was lower in the rats fed with SP than in the other two groups. The fecal total lipid, coprostanol and neutral sterol excretion were higher in the PP-fed group than in the other two groups. The fecal cholesterol excretion in the PP-fed group was higher than that in the SP-fed group. The total fecal bile acid and cholic acid excretion in the SP-fed group was higher than that in the CN-fed group. The fecal chenodeoxycholic acid excretion in the PP-fed group was higher than that in the CN-fed group. The fecal deoxycholic acid excretion in the SP-fed group was high relative to the PP-fed group. However, the lithocolic acid excretion was no different among the groups. Figures 1 and 2 show the apo-B, SR-B1, CYP7A1, and FAS mRNA levels in the rats fed with PP and SP. The relative quantities of mRNA were determined by southern hybridization of PCR-amplified CYP7A1 cDNA, LDL-R cDNA, FAS cDNA, HMG-CoA reductase cDNA, apo B cDNA, and SR-B1 cDNA in the rat liver. The values for CYP7A1, LDL-R, FAS, HMG-CoA reductase, apo-B, and SR-B1 mRNAs were normalized to the value of GAPDH mRNA. Values from the liver samples from rats fed with soy and potato peptides are expressed relative to the average values of control group, which were normalized to 100. There was no difference in the relative quantity of LDL-R, nor in the HMG-CoA reductase mRNA level (data not shown) among the three groups. The apo B mRNA level was lower in both the PP-and SP-fed groups than in the CNfed group, and that in the PP-fed group was lower than in the SP-fed group (Fig. 1A) . The relative SR-B1 mRNA level (Fig. 1B) was higher in the PP-fed group than in the CN-and SP-fed groups. The relative CYP7A1 mRNA level in the PP-fed group was higher than in the SP-fed group, but no different from the CN-fed group (Fig. 2A) . There was no difference in the relative quantity of hepatic FAS mRNA among the groups (Fig. 2B) .
Hepatic mRNAs

Discussion
We examined in the present study the effects of soy and potato peptides prepared by two different procedures resulting from different substrates on serum lipids, liver lipids, fecal lipids, and hepatic mRNA in rats fed on a cholesterol-free diet. We found that the body weight gain was lower in the PP-fed group than in the SP-and CN-fed groups, as had been observed for potato protein in previous experiments, 6, 25, 26) whereas the final mean body weight in the PP-fed group was not different from the CN-fed group. The lower food intake by the PP-fed group might have been due to the higher hygroscopic nature of the PP-diet compared with the other two diets. This would have reduced the quality of the diet and the appetite. There may be another reason for the food intake suppressor activity of the PP-diet as was observed for some specific fragments of soy peptides in a previous study.
27) However, a pair-feeding experiment is necessary in the next study in order to prevent the possible effect of a difference in food intake on the lipid metabolism.
The data in the present study show that potato and soy peptides affected the serum cholesterol levels in comparison with the CN-fed group. In fact, the serum TC level in the SP-fed group was lower than that in the control group at the end of the experimental period. In addition, the non-HDL-C concentration in both peptide diet-fed groups was lower than that in the CN-fed group, this being accompanied by higher fecal lipid excretion and a lower apo B mRNA level in both the SP-and PPfed groups than in the CN-fed group. Hepatic apo B mRNA is known as the hepatic gene expression of the LDL receptor, and a reduction in the apo B mRNA level leads to increased clearance of LDL by the liver, which in turn increases the fecal sterol excretion and reduces the serum non-HDL-C level. Furthermore, the serum non-HDL-C level was negatively correlated with the fecal lipid concentration, and tended to be negatively correlated with the fecal neutral sterol level, but positively correlated with the hepatic apo B mRNA level, the correlation coefficients being r ¼ À0:627 (P < 0:05), r ¼ À0:500 (P < 0:1), and r ¼ 0:614 (P < 0:05), respectively. The low methionine concentration in the PP-and SP-diets might have been involved in the plasma cholesterol-lowering effect, as was observed for potato and soybean proteins in a previous experiment. 6) Moreover, the higher carbohydrate composition, possibly resistant starch, in the potato peptide preparation may at least have been partially responsible for the effects observed for PP-diet in this study. However, the observed changes may have mainly been due to the peptide fraction as it contained 78.7% of protein.
The serum TG concentration was lower in the PP-fed group than in the control group, but that in the SP-fed group was no different from the control group at the end of the 4-week feeding period. However, the initial TG concentration at the start was different among the groups, but this starting concentration was only different from that after 4 weeks in CN-fed group. The reason for the different TG levels at the start remains unclear. The observed change in serum TG level after 4 weeks might have been due to the increased fecal total lipid excretion and lower food intake by the PP-fed group. In fact, the serum TG level was negatively correlated with the fecal total lipid level, the correlation coefficient being r ¼ À0:590 (P < 0:05). Furthermore, although not significantly different, the lower hepatic FAS mRNA level may have reduced the hepatic FAS activity, which would in turn reduce the hepatic fatty acid synthesis, consequently reducing the serum TG level in the PP-fed group compared with the CN-fed group.
The higher fecal bile acid excretion by the SP-fed group is supported by previous findings showing that soy peptides decreased the bile acid uptake, promoting a cholesterol-lowering effect. 28) Furthermore, it has been reported that the bile acid-binding capacity of the high-molecular-weight fraction from soybean protein was higher than that from other vegetable proteins. 29) However, the data for bile acid excretion are not supported by the data for the CYP7A1 mRNA level in this experiment. The fecal steroid data indicate that the SP and PP diets may have had greater ability to inhibit cholesterol absorption than the CN diet, and suppression of the micellar solubility of cholesterol could be at least partially responsible for the effect, as has been observed for soy and bovine milk peptides. 7, 30) Furthermore, the fecal neutral sterol data agree with previous findings showing that the fecal neutral sterol excretion was higher in a potato protein-fed group than in soy proteinand casein-fed groups. 6, 25) However, the food intake was lower in the PP-fed group than in the SP-and CN-fed groups. It may be possible that the difference in calorie intake between the PP-fed group and other groups affected the difference in enzyme activities related to lipid metabolism. The reason for this remains unclear and further studies are in progress to investigate the possibilities.
Interestingly, the HDL-C level in the PP-fed group was higher than that in the other two groups, although the level in the SP-fed group was no different from that in the CN-fed group at the end of the 4 weeks. This finding is in contrast with previous findings showing that the HDL-C level was lower in rats fed either a potato or soy protein diet. 6) It has been shown that hepatic SR-B1 takes up plasma lipoproteins and that increased SR-B1 lowers the plasma HDL-C and non-HDL-C levels. 31) However, in this experiment, both the serum HDL-C and hepatic SR-B1 mRNA levels were higher in the PP-fed group than in the control, although the mechanism by which the potato peptides increased the serum HDL-C level while the hepatic SR-B1 mRNA level remained higher is not clear. Further experiments are in progress to investigate this. Increased SR-B1 might have been responsible for lowering the non-HDL-C level in this experiment.
No difference was apparent in the mean liver cholesterol level between the PP-fed and control groups. The level in the SP-fed group was lower than that in the other two groups, although neither peptide diet had any effect on the liver weight or liver total lipids. This result is in accordance with a previous study related to soy protein. 32) In summary, the PP diet significantly increased the serum HDL-cholesterol level, decreased the non-HDL cholesterol level, and increased the fecal neutral steroid excretion when compared with the CN-fed group. The SP diet reduced the serum total cholesterol level by reducing the non-HDL cholesterol level and increasing the fecal acidic steroid excretion when compared with the CN-fed group. In view of these results, we conclude that the observed change in the serum cholesterol level in rats fed on the soy and potato peptide diets appears to have been due to different mechanisms resulting from the substrate difference between soy and potato peptides.
